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(57) ABSTRACT

A stacked die sensor package includes a die paddle and lead
fingers that surround the die paddle. The lead fingers have
proximal ends near the die paddle and distal ends spaced from
the die paddle. A first semiconductor die is mounted to one
side of the die paddle and electrically connected to the lead
fingers with first bond wires. A sensor die is mounted to the
other side of the die paddle and electrically connected to the
lead fingers with sensor bond wires. An encapsulation mate-
rial covers the first die and the first bond wires, while a gel
material and a lid cover the sensor die and the sensor bond
wires. The package may also have a second semiconductor
die attached on an active surface of the first die and electri-
cally connected one or both of the lead fingers or first die
bonding pads with second bond wires.

15 Claims, 9 Drawing Sheets
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1
STACKED DIE SENSOR PACKAGE

BACKGROUND OF THE INVENTION

The present invention relates generally to stacked die semi-
conductor packaging and, more particularly, to a stacked die
package having a sensor die.

Packaged semiconductors provide external electric con-
nections and physical protection for packaged dies. Contin-
ued progress in reduction of the size of the semiconductor
dies, and increased functionality of the circuits integrated in
the dies, requires size reduction of the packaging with the
same or greater number of external electrical connectors.

One typical type of semiconductor package is a Quad Flat
Pack (QFP), which is formed with a semiconductor die
mounted to a lead frame. The lead frame is formed from a
sheet of metal that has a die attach pad often called a die
paddle or die flag and arms or tie bars that attach the flagto a
frame. Lead fingers of the lead frame are wire bonded to
bonding pads the die to provide a means of easily electrically
connecting the die to circuit boards and the like. After the die
bonding pads and the lead fingers are wire bonded, the semi-
conductor die and bond wires are encapsulated with a plastic
material leaving only sections of the lead fingers exposed.
These exposed leads are cut from the frame (singulated) and
bent for ease of connection to a circuit board.

When sensors such pressure sensors used in tire pressure
monitoring systems are packaged, the mounting surface area
(footprint) may increase by at least the area of the active
surface of the sensors. Stacking of a die and sensor in a
semiconductor package can reduce the mounting surface
area. However, the active surface of the sensor must face away
from the mounting surface in order to properly function.
Furthermore, the sensor (sensor die) cannot easily be encap-
sulated with the plastics material together with the other dies
in the package, in a single molding step, as the sensor die is
sensitive to stress induced by conventional molding pro-
cesses. Therefore, it would be advantageous to have an effi-
cient and economical method to package a sensor die with
other semiconductor dies.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with objects and advantages
thereof, may best be understood by reference to the following
description of preferred embodiments together with the
accompanying drawings in which:

FIG. 1 is a top plan view of a lead frame sheet, used for
making a stacked sensor and semiconductor die package, in
accordance with a preferred embodiment of the present
invention;

FIG. 2 is a top plan view of a semiconductor die and sheet
assembly formed from the sheet of FIG. 1 in accordance with
a preferred embodiment of the present invention;

FIG. 3 is atop plan view of a stacked die assembly, formed
from the semiconductor die and sheet assembly of FIG. 2, in
accordance with a preferred embodiment of the present
invention;

FIG. 4 is a top plan view of a partially wire bonded stacked
die assembly, formed from the stacked die assembly of FIG.
3, in accordance with a preferred embodiment of the present
invention

FIG. 5 is a cross-sectional side view, through 4-4', of the
partially wire bonded stacked die assembly of FIG. 4;
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FIG. 6 is cross-sectional side view of an encapsulated,
partially wire bonded stacked die assembly, formed from the
assembly of FIG. 4, in accordance with a preferred embodi-
ment of the present invention;

FIG. 7 is a top plan view of the encapsulated, partially wire
bonded stacked die assembly of FIG. 6 when populating the
lead frame sheet of FIG. 1 with other identical assemblies;

FIG. 8 is an upright cross-sectional side view of a partially
formed stacked sensor assembly, formed from the assembly
of FIG. 7, in accordance with a preferred embodiment of the
present invention;

FIG. 9 is a cross-sectional side view of a wire bonded
formed stacked sensor assembly, formed from the assembly
of FIG. 8, in accordance with a preferred embodiment of the
present invention;

FIG. 10 is a cross-sectional side view of a stacked sensor
assembly, formed from the assembly of FIG. 9, in accordance
with a preferred embodiment of the present invention;

FIG. 11 is a cross-sectional side view of a stacked sensor
and semiconductor die package, formed from assembly of
FIG. 10, in accordance with a preferred embodiment of the
present invention; and

FIG. 12 is a flow chart of a method for assembling a stacked
die sensor package in accordance with a preferred embodi-
ment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The detailed description set forth below in connection with
the appended drawings is intended as a description of pres-
ently preferred embodiments of the invention, and is not
intended to represent the only forms in which the present
invention may be practised. It is to be understood that the
same or equivalent functions may be accomplished by differ-
ent embodiments that are intended to be encompassed within
the spirit and scope of the invention. In the drawings, like
numerals are used to indicate like elements throughout. Fur-
thermore, terms “comprises,” “comprising,” or any other
variation thereof, are intended to cover a non-exclusive inclu-
sion, such that module, circuit, device components, structures
and method steps that comprises a list of elements or steps
does not include only those elements but may include other
elements or steps not expressly listed or inherent to such
module, circuit, device components or steps. An element or
step proceeded by “comprises . . . a” does not, without more
constraints, preclude the existence of additional identical ele-
ments or steps that comprises the element or step.

In one embodiment, the present invention provides a
stacked die sensor package including a die paddle having a
first side and an opposite second side. Lead fingers, each
having a proximal end near a respective edge of the die paddle
and a distal end, surround the die paddle and provide an
external electrical connection for the package. A first semi-
conductor die having an active surface with die bonding pads
and an opposite die mount surface is attached to the first side
of'the die paddle. A sensor die having an active surface with
sensor bonding pads and an opposite sensor surface is
attached to the second side of the die paddle. Die bond wires
selectively electrically connect the die bonding pads to the
proximal ends of the lead fingers, and sensor bond wires
electrically connect the sensor bonding pads to the proximal
ends of the lead fingers. An encapsulant covers the semicon-
ductor die and the die bond wires, while a gel material and a
lid cover the sensor die and the sensor bond wires.

In another embodiment, the present invention provides a
method for assembling a stacked die sensor package. The
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method includes providing an electrically conductive lead
frame sheet that has a plurality of lead frames. Each of the
lead frames has an outer frame surrounding a die paddle with
a first side and an opposite second side. The die paddle is
supported from the outer frame by tie bars. The lead frame has
lead fingers, each with a proximal end near a respective edge
of the die paddle and a distal end adjacent and integral with
the outer frame. The method also includes attaching a first
semiconductor die to the first side of the die paddle and a
sensor die to the second side of the die paddle. Die bonding
pads on an active surface of the first die are electrically con-
nected to proximal ends of the lead fingers with die bond
wires, while sensor bonding pads on an active surface of the
sensor die are electrically connected with proximal ends of
the lead fingers with sensor bond wires. A molding process is
performed to encapsulate the first semiconductor die and the
die bond wires. The method also includes covering the sensor
and sensor bond wires with a gel material and a lid, and
separating the outer frame from the lead fingers and tie bars.

Referring now to FIG. 1, a top plan view of an electrically
conductive lead frame sheet 100, used for making a stacked
sensor and semiconductor die package, in accordance with a
preferred embodiment of the present invention, is shown. The
lead frame sheet 100 is typically formed of metal such as
copper, which may or may not be partially or fully plated, as
is known in the art. The sheet 100 has a plurality of lead
frames 102 in an array and the lead frames 102 are typically
formed by punching or cutting out regions of the sheet 100.

Each of the lead frames 102 has an outer frame 104 that
surrounds a centrally located die paddle 106 that has a first
side 108 and an opposite second side 110. Tie bars 112 extend
inwardly from the outer frame 104 to support the die paddle
106. Lead fingers 114 also extend inwardly from the outer
frame 104 towards respective edges 118 of the die paddle 106.
Each of the lead fingers 114 has a proximal end 116 near the
respective edge 118 of the die paddle 106 and a distal end 120
adjacent and integral with the outer frame 104. The lead
fingers 114 each have an angled intermediate region 122 that
is angled to form a down-set relationship between the distal
end 120 (plus the outer frame 104) and the proximal end 116.
Similarly, the tie bars 112 each has an angled region 124 that
is angled to form a down-set relationship between the die
paddle 106 and the outer frame 104.

FIG. 2 shows a top plan view of a semiconductor die and
sheet assembly 200, formed from the sheet 100, in accor-
dance with a preferred embodiment of the present invention.
The assembly 200 includes a first semiconductor die 202 that
has an active surface 204 with first die bonding pads 206 and
an opposite die mount surface 208 attached to the first side
108 of the die paddle 106. Typically, the die mount surface
208 is attached to the first side 108 of the die paddle 106 with
an epoxy resin or other bonding agent.

FIG. 3 is a top plan view of a stacked die assembly 300,
formed from the semiconductor die and sheet assembly 200,
in accordance with a preferred embodiment of the present
invention. The assembly 300 includes a second die 302
mounted on the active surface 204 of the first die 202 with an
epoxy resin or similar bonding agent. The second die 302 has
second die bonding pads 304 as will be apparent to a person
skilled in the art.

FIG. 4 illustrates a top plan view of a partially wire bonded
stacked die assembly 400, formed from the stacked die
assembly 300, in accordance with a preferred embodiment of
the present invention. As illustrated, the assembly 400
includes die bond wires 402 selectively electrically connect-
ing the first die bonding pads 206 to the lead fingers 114 at
their respective proximal ends 116. The die bond wires 402
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also selectively electrically connect the second die bonding
pads 304 to the lead fingers 114 at their respective proximal
ends 116. Additionally, the die bond wires 402 may also
selectively electrically couple the second die bonding pads
304 to the first die bonding pads 206.

Referring now to FIG. 5, a cross-sectional side view,
through 4-4', of the partially wire bonded stacked die assem-
bly 400 is illustrated. As shown, the angled region 124 is
configured to form the down-set relationship such that the
first side 108 of the die paddle 108 is coplanar, along a plane
P1 with a first wire bonding side 502 of each proximal end
116. Furthermore, the opposite second side 110 of the die
paddle 108 is coplanar, along a plane P2, with a second wire
bonding side 504 of each proximal end 116. Thus, as shown
the die bond wires 402 are bonded to the first wire bonding
side 502 and the sensor bond wires 902 are bonded to the
second wire bonding side 504. As can be seen in this view, the
angled region 124 of each of the tie bars 112 is of a sufficient
length so that the second die 302 and second die bond wires
do not protrude above an outwardly facing surface 506 of the
outer frame 104.

FIG. 6 is a cross-sectional side view of an encapsulated,
partially wire bonded stacked die assembly 600, formed from
the assembly 400, in accordance with a preferred embodi-
ment of the present invention. The assembly 600 includes an
encapsulating material 602 that covers the first die 202, the
second die 302 and the die bond wires 404. The encapsulating
material 602 is typically press moulded and forms an outer
package base surface 604 and an opposite surface 606. The
encapsulating material 602 is moulded in a manner that
allows each distal end 120 and the outer frame 104 to be
exposed from the encapsulating material 602 at the outer
package base surface 604. Similarly, each proximal end 116
and the die paddle 106 are exposed from the encapsulating
material 602 at the opposite surface 606.

Referring to FIG. 7, a top plan view of the encapsulated
partially wire bonded stacked die assembly 600 when popu-
lating the lead frame sheet 100 with other such assemblies is
shown. As illustrated, each distal end 120 and the outer frame
104 protrude from the outer package base surface 604. Also,
part of each tie bar 112 protrudes from the outer package base
surface 604.

FIG. 8 illustrates an upright cross-sectional side view of a
partially formed stacked sensor assembly 800, formed from
the assembly 600, in accordance with a preferred embodi-
ment of the present invention. The assembly 600 has been
inverted and a sensor die 802 is mounted on the opposite
second side 110 of the die paddle 106. The sensor 802 has a
sensor active surface 804 with sensor bonding pads 806 and
an opposite sensor surface 808 attached to the second side 110
of the die paddle 106 with an epoxy resin or other bonding
agent.

FIG. 9 is a cross-sectional side view of a wire bonded
stacked sensor assembly 900, formed from the assembly 800,
in accordance with a preferred embodiment of the present
invention. The assembly 900 includes sensor bond wires 902
that selectively electrically connect the sensor bonding pads
806 to the lead fingers 114 at their respective proximal ends
116.

FIG. 10 is a cross-sectional side view of a stacked sensor
assembly 1000, formed from the assembly 900, in accordance
with a preferred embodiment of the present invention. The
assembly 1000 includes a protective covering 1002 that cov-
ers and protects the sensor active surface 1610, the sensor
bond wires 902 and the sensor bonding pads 806. The cover-
ing 1002 includes a lid 1004 mounted to the opposite package
surface 606 and affixed with an epoxy or other bonding agent.
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The1id 1004 has a chamber 1006 that is at least partially filled
with a non-electrically conductive gel 1008 that is typically a
transparent silicon based gel. The lid 1004 also has an aper-
ture 1010 that provides a window for the sensor 802 to detect
ambient conditions outside the 1lid 1004. In one embodiment,
the assembly comprises a pressure monitoring system such as
used for measuring the pressure of an automobile tire, where
the first die 202 is a controller, the second die 302 is an
accelerometer, and the sensor die 802 is a pressure sensor.

FIG. 11 is a cross-sectional side view of a stacked sensor
and semiconductor die package 1100, formed from assembly
1000, in accordance with a preferred embodiment of the
present invention. The package 1100 has been separated (sin-
gulated) from the lead frames in the sheet 110. As is known in
the art, singulation includes cutting or punching the distal
ends 120 and tie bars 112 from the outer frame 104. Singu-
lation also includes cutting the encapsulating material 606
and edges of the lid 1004 as will also be apparent to a person
skilled in the art.

The sensor die 802 is a pressure sensor, although other
sensors are possible such an optical sensor or any ambient
condition sensor. Also, the first semiconductor die 202 is
typically a microcontroller and the second die 302 is typically
an accelerometer. The distal end 116 of each of the lead
fingers 114 provides an external electrical connection for the
package 1100. Also, selective internal package connections
between the sensor die pads 806 and the first die bonding pads
206 is provided by selective use of the proximal regions 116
and bond wires 402, 902.

Referring now to FIG. 12, a flow chart illustrating a method
1200 for assembling a stacked die sensor package in accor-
dance with a preferred embodiment of the present invention is
shown. By way of explanation only, the method 1200 will be
described with particular reference to FIGS. 1 to 11. At a
providing step 1210, the electrically conductive lead frame
sheet 100 is provided, and at an attaching step 1220 the first
die 202 is attached to the first side of the die paddle 108. If
required, the mounting of the second die 302 on the active
surface 204 of the first die 202 may also be performed. After
the first die 202 is attached to the first side of the die paddle
108, the semiconductor die and sheet assembly 200 is formed.

At a connecting step 1230, a wire bonding process is per-
formed. The wire bonding process selectively electrically
connects the first die bonding pads 206 and the second die
pads 304 (if there is a second die), to the lead fingers 114 at
their proximal ends 116. The connecting is provided by the
die bond wires 402. After the connection is performed, the
partially wire bonded stacked die assembly 400 is formed.
Next, at an encapsulating step 1240, the first die 202, second
die 302 and first die bond wires 402 are encapsulated with the
encapsulating material 602. This forms the encapsulated par-
tially wire bonded stacked die assembly 600.

The lead frame sheet that is populated with the encapsu-
lated partially wire bonded stacked die assembles 600 is then
flipped over. At an attaching step 1250, the sensor die 802 is
attached to the second side 110 of the die paddle 106 to
provide the partially formed stacked sensor assembly 800.
Then, at a connecting step 1260, a further wire bonding pro-
cess is performed. This further wire bonding process selec-
tively electrically connects the sensor bonding pads 806 to the
lead fingers 114 at their respective proximal ends 116. The
connecting is provided by the sensor bond wires 806.

At a covering step 1270, the sensor 802 and sensor bond
wires 806 are covered with the protective covering 1002.
Individual stacked sensor and semiconductor die packages
1100 are then formed, at a separating block 1280, when the
outer frame is separated from the lead fingers 114 and tie bars
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112. As will be apparent to a person skilled in the art, the
encapsulating material 602 is also cut (singulated) to form the
individual packages 1100.

Advantageously, the present invention provides for a rela-
tively inexpensive stacked sensor and semiconductor die
package 1100 in which the active surface 804 of the sensor die
802 faces away from the mounting surface of the package
1100.

The description of the preferred embodiments of the
present invention has been presented for purposes of illustra-
tion and description, but is not intended to be exhaustive or to
limit the invention to the forms disclosed. It will be appreci-
ated by those skilled in the art that changes could be made to
the embodiments described above without departing from the
broad inventive concept thereof. It is understood, therefore,
that this invention is not limited to the particular embodiment
disclosed, but covers modifications within the spirit and
scope of the present invention as defined by the appended
claims.

The invention claimed is:

1. A stacked die sensor package, comprising:

adie paddle having a first side and an opposite second side;

lead fingers that surround the die paddle, each lead finger
having a proximal end near a respective edge of the die
paddle and a distal end providing an external electrical
connection for the package;

a first semiconductor die having an active surface with first
die bonding pads and an opposite die mount surface
attached to the first side of the die paddle;

a sensor die having a sensor active surface with sensor die
bonding pads and an opposite sensor surface attached to
the second side of the die paddle;

sensor bond wires selectively electrically connecting the
sensor die bonding pads to the proximal ends of the lead
fingers;

die bond wires selectively electrically connecting the first
die bonding pads to the proximal ends of the lead fingers;

an encapsulating material that covers the first semiconduc-
tor die and the die bond wires, wherein the encapsulating
material has an outer package base surface and an oppo-
site planar surface and the lead fingers distal ends are
exposed from the encapsulating material at the outer
package base surface for providing the external electri-
cal connections, and the lead fingers proximal ends are
exposed from the encapsulating material at the opposite
planar surface; and

a footed lid mounted to the opposite planar surface of the
encapsulating material and covering the sensor die and
the sensor bond wires, wherein the footed lid includes a
hole in a surface thereof.

2. The stacked die sensor package of claim 1, further com-
prising a second semiconductor die mounted on the active
surface of the first semiconductor die.

3. The stacked die sensor package of claim 2, further com-
prising second die bonding wires selectively electrically con-
necting bonding pads of the second semiconductor die to the
proximal ends of the lead fingers.

4. The stacked die sensor package of claim 1, wherein at
least one of the proximal ends provides an internal package
connection between one of the sensor bonding pads and one
of' the first die bonding pads.

5. The stacked die sensor package of claim 1, further com-
prising:

a gel material that covers the sensor die and the sensor bond

wires.

6. The stacked die sensor package of claim 1, wherein each
lead finger proximal end has a first wire bonding side and a
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second wire bonding side, and wherein the first wire bonding
side is coplanar with the first side of the die paddle and the
second wire bonding side is coplanar with the opposite sec-
ond side of the die paddle.

7. The stacked die sensor package of claim 6, wherein the
first die bond wires are bonded to the first wire bonding side
and the sensor bond wires are bonded to the second wire
bonding side.

8. The stacked die sensor package of claim 5, wherein the
gel material is a non-electrically conductive gel.

9. The stacked die sensor package of claim 5, wherein the
gel material is disposed within a chamber formed by the
footed lid.

10. A tire pressure monitoring system, comprising:

adie paddle having a first side and an opposite second side;

lead fingers that surround the die paddle, each lead finger
having a proximal end near a respective edge of the die
paddle and a distal end further from the die paddle and
for providing an external electrical connection for the
system,

a controller die having an active surface with first die
bonding pads and an opposite die mount surface that is
attached to the first side of the die paddle;

an acceleration sensor die having an active surface with
second die bonding pads and an opposite mounting sur-
face attached to the active surface of the controller die;

a pressure sensor die having a sensor active surface with
sensor die bonding pads and an opposite back side sur-
face attached to the second side of the die paddle;

pressure sensor bond wires selectively electrically con-
necting the sensor die bonding pads to the proximal ends
of the lead fingers;

controller die bond wires selectively electrically connect-
ing the first die bonding pads to the proximal ends of the
lead fingers;

acceleration sensor bond wires selective electrically con-
necting the second die bonding pads to the first die
bonding pads;

an encapsulating material that covers the controller die, the
acceleration sensor die, the controller die bond wires and
the acceleration sensor bond wires, wherein the encap-
sulating material has an outer package base surface and
a planar inner package base surface and wherein the
distal ends of the lead fingers are exposed from the
encapsulating material at the outer package base surface
for providing the external electrical connections, and the
proximal ends of the lead fingers are exposed from the
encapsulating material at the planar inner package sur-
face to allow attachment of the pressure sensor bond
wires thereto;

anon-conductive gel material covering the pressure sensor
die and the pressure sensor bond wires; and

a footed 1id attached to the planar inner package surface of
the encapsulating material and covering the pressure
sensor die, the pressure sensor bond wires and the gel
material, and wherein the lid has a hole in a surface
thereof to facilitate operation of the pressure sensor die.
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11. A method for assembling a stacked die sensor package,
the method comprising:

providing an electrically conductive lead frame sheet that

has a plurality of lead frames, each of the lead frames
having an outer frame surrounding a die paddle with a
first side and an opposite second side, the die paddle
being supported from the outer frame by tie bars, and
wherein each of the lead frames has lead fingers each
with a proximal end near a respective edge of the die
paddle and a distal end adjacent and integral with the
outer frame;

attaching a first semiconductor die to the first side of the die

paddle of one of the lead frames, the first semiconductor
die having an active surface with first die bonding pads
and an opposite die mount surface that is attached to the
first side of the die paddle;

selectively electrically connecting the first die bonding

pads to the proximal ends of the lead fingers with first die
bond wires;

encapsulating the first semiconductor die and first die bond

wires with an encapsulating material, wherein the
encapsulating material forms an outer package base sur-
face and an opposite planar surface and wherein each
lead finger distal end is exposed from the encapsulating
material at the outer package base surface and each lead
finger proximal end is exposed from the encapsulating
material at the opposite planar surface;

attaching a sensor die to the second side of the die paddle,

the sensor die having a sensor active surface with sensor
bonding pads and an opposite sensor surface attached to
the second side of the die paddle;

selectively electrically connecting the sensor bonding pads

to the proximal ends of the lead fingers with sensor bond
wires;

covering the sensor die and the sensor bond wires with a

footed lid mounted to the opposite planar surface of the
encapsulating material, wherein the footed lid includes a
hole in a surface thereof; and

separating the outer frame from the lead fingers and tie

bars.

12. The method for assembling of claim 11, further com-
prising mounting a second semiconductor die on the active
surface of the first semiconductor die.

13. The method for assembling of claim 12, further com-
prising selectively electrically connecting bonding pads on an
active surface of the second semiconductor die to the proxi-
mal ends of the lead fingers with second die bonding wires.

14. The method for assembling of claim 12, further com-
prising selectively electrically connecting bonding pads on an
active surface of the second semiconductor die to the first die
bonding pads with second die bonding wires.

15. The method for assembling of claim 11, wherein cov-
ering the sensor die further includes covering the sensor die
and the sensor bond wires with a gel material.
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